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TABLES FOR T H E  COMPUTATION OF HALOS 

By CHARLES M . LENNAHAN 
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Because of the diffuse character of the phenomena. and 
the difficulties of exact measurement. it is sufficient in 
general to take values to only the nearest minute of arc . 

The range of tables 2 and 3 provides for refracting 
angles as small as about 23'. 

TABLE 1 . -Constunts 
p= 1.31 (yellow-green) 

log p=0.1172713 
COlOg p=9.8827287-10 

1 /p= 0.7633588 
p *=1.7161 

d ( p  "1)=0.8462269 
y=4$lo45'40'' = 49O.76 

2 y=99'31' 

TABLE %.-Virtual indices and critical angles in oblique prismatic 
refraction 

h log P' 

1- 

00 ............................................ 
10 ............................................ 
20.. ............................ - ............ "" 
J ............................................ 
40 ............................................ 
50 ............................................ 
6'. ........................................... 
70 ............................................ 
6'. ........................................... 
90 ............................................ 
10" ........................................... 
11" ........................................... 
120 ........................................... 
13'._._ ....................................... 
140 ........................................... 
150 ........................................... 
16 O........... ................................ 
170 ........................................... 
16 ........................................... 
19" ........................................... 
200 ........................................... 
210 ........................................... 
220 ........................................... 
230 ........................................... 
24 0. .......................................... 
250 ........................................... 
260 ........................................... 

0.11727 . 11730 . 11737 . 11753 . 11771 . 11797 . 1182: . ll6tM . 11805 . 11952 . 12007 . 1m . 12133 . 12206 . 12252 . 12368 . 12450 . 12557 . 12662 . 12777 . 12896 . 13021 . 13157 . 13302 . 13454 . 13614 . 13762 

P' 

1.310 
1.310 
1.310 
1.311 
1.311 
1.312 
1.313 
1.314 
1.315 
1.317 
1.316 
1.320 
1.322 
1.325 
1.32i 
1.329 
1.332 
1.335 
1.33s 
1.342 
1.346 
1.350 
1.354 
1.35% 
1.363 
1.36s 
1.374 

0.8462 . 8462 . 8462 . 847s . 847s . 6493 . 6509 . 6524 . 6539 . 6570 . 6586 . 661fi . 6647 . S693 
. 6723 . 6764 . 6799 . 8844 . 8880 . 6950 . 9010 . 8069 . 91211 
. 91s . 9282 . 933s . 9428 

Y' 

. .  
49 41; 
49 45 
49 45 
49 43 
49 42 
49 39 
49 36 
49 33 
49 29 
49 25 
49 20 
49 14 
49 a 
49 1 
48 55 
48 47 
46 39 
46 30 
48 20 
48 10 
48 0 
4i 49 
47 37 
47 24 
47 11 
46 E4 
46 44 

TABLE 2.-Virtual indices and critical a q l c s  i n  oblique prismatic 
rr~i.l.ncfion-ContiIiued 

2i' ........................................... 
29% ......................................... 
290 ........................................... 
30°_.__ ....................................... 
31 O ........................................... 
320 ........................................... 
330 ........................................... 
340 ........................................... 
359 ........................................... 
360 ........................................... 
37 O.......... ................................. 
36" ........................................... 
390 ........................................... 
40 O ........................................... 
410 ........................................... 
420 ........................................... 
430 ........................................... 
440 ........................................... 
450 ........................................... 
46 ' ........................................... 
470. ........................................... 
440 ........................................... 
490 ........................................... 
500.-. ........................................ 
51 O... ........................................ 
520 ........................................... 
530 ........................................... 
540 ........................................... 
550 ........................................... 
56 O ........................................... 
570 ........................................... 
5x0. .......................................... 
590 .......................................... 
600 ........................................... 
t3l0..... ...................................... 
620 ........................................... 
ti30 ........................................... 
640 ........................................... 
65"' ........................................ 
66 ' ........................................... 
67 ........................................... 
6% ........................................... 
69' ........................................... 
ioo ........................................... 
71 ........................................... 
730 ........................................... 
730.. ......................................... 
740 ........................................... 
750 ........................................... 
76'. .......................................... 
770.. ......................................... 
780 ........................................... 
780 ........................................... 
800 ........... .-_-. ................. ....-.. .. - 

P' 

1.370 
1.3% 
1.392 
1.396 
1.405 
1.413 
1.421 
1.429 
1.435 
1.417 
1.457 
1.467 
1.4;s 
1.490 
1.502 
1.515 
1.529 
1.544 
1.560 
1.576 
1.593 
1.612 
1.632 
1.653 
1.676 
1.700 
1.725 
1.753 
1.762 
1.814 
1.648 
1 . 684 
1.924 
1.966 
a . 012 
2.061 
2.115 
3.174 
2.239 
2.3w 
2.386 
2.471 
2 564 
2.669 
2 . is5 
2.915 
3.062 
3 . ?% 
3.419 
3.638 
3.693 
4.191 
4 . €43 
4.976 
- 

J P T  

0 . 949G . 9562 . 96% . 9769 . 9Y69 . 9983 
1.0096 
1 . OZOb 
1.0334 
1.0458 
1.0596 
1.0734 
1.0663 
1.1046 
1.1207 
1.1361 
1.1566 
1.1764 
1.19i3 
1.2181 
1.2400 
1.2643 
1.2997 
1.3162 
1.3450 
1.3746 
1.4056 
1.439s 
1.4750 
1.5135 
1.5541 
1.5967 
1.6437 
1.6927 
1.7459 
1 . PO21 
1.66?6 
1.0304 
2 . 00T 
2.0801 
2 1663 
2.2596 
2.3610 
2 4746 
2.5983 
2.7351 
2.8841 
3.0703 
3 . 2695 
3.4976 
3.7624 
4.0700 
4 4146 
c 8765 
- 

-/ 

46 is 
46 13 
46 57 
45 40 
45 22 
45 4 
44 46 
44 25 
44 4 
43 43 
43 21 
4268 
42 34 
42 9 
41 44 
41 17 
40 50 
40 22 
39 53 
39 23 
38 52 

37 47 
37 13 
36 36 
36 2 
35 25 
34 47 
34 6 
33 28 
32 46 
32 3 
31 19 
30 35 
29 46 
2 9 1  
28 13 
27 23 
26 33 
25 40 
24 47 
23 63 
22 67 
n o  
21 3 
2 0 4  
19 4 
16 2 
17 0 
15 *S7 
14 53 
13 46 
12 42 
11 36 

3s m 



8 

goo ............................... 
890 ............................... 
880 ............................... 
8io ............................... 
86O ............................... 

85O ............................... 
840 ............................... 
530 ............................... 
820 ............................... 
8io ............................... 

800 .-. ............................ 
79%- ............................ 
760 ............................... 
770 ............................... 
76 O.... ............................ 
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TABLE 3.--Law of Rejraclion, p= 1.31 

O I  

49 46 
45 
43 
40 
36 

30 
23 
15 
06 

48 56 

44 
32 
18 
03 

47 47 
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45 
39 
31 

13 

44 
38 
30 

2 3 2 2  
13 

02 
46 50 

37 
23 
08 

45 52 
35 
17 

44 58 
38 

17 
43 56 

33 
10 

42 46 

02 
45 E4 

38 
25 
10 

44 55 
38 
21 
02 

43 43 

23 
02 

42 40 
1: 

41 53 

750 ............................... 
740 ............................... 
73O ............................... 
72 O....... ........................ 
'1 ............................... " 0  

30 
12 

46 53 
33 
12 

700 ............................... 
69 O.... ........................... 
6$" ............................... 
67O ............................... 
66 O.......... ..................... 

65 O.... ........................... 
640 ............................... 
m0 ............................... 
62 O... ............................ 
61° ............................... 

60 O....... ........................ 
590 ............................... 
550 ............................... 
570 ............................... 
56 O........ ....................... 

65O ............................... 
54 ................................ 
530 ............................... 
52O ............................... 
51°___._._______._.____--.--.---.- 

mD ............................... 
490 ............................... 
48" ............................... 
47.3 ............................... 
46 . . . . . . . . . . . . . . . . . . . . . . .  ......... 

45O ............................... 
440 ............................... 
43" ............................... 
42O ............................... 
4'10 ............................... 

45 SO 
27 
08 

44 38 
13 

43 47 
19 

42 51 
23 

41 53 

23 
40 52 

20 
39 4s 

16 

38 42 
08 

37 34 
36 59 

23 

35 47 
11 

34 34 
33 58 

18 

32 40 
01 

31 22 
30 43 

03 

0 ,  

49 39 
38 
37 
34 
29 

24 
17 
09 

49 00 
48 50 

3s 
26 
12 

47 67 
41 

24 
06 

46 48 
28 
07 

45 45 
22 

44 59 
33 
08 

43 41 
14 

42 48 
18 

41 48 

18 
40 48 

16 
39 44 

11 

38 38 
04 

37 30 
36 55 

19 

36 43 
07 

34 30 
33 63 

15 

33 37 
31 68 

19 
30 40 
30 00 

29 20 
28 40 
27 59 

18 
26 37 

26 65 
14 

24 32 
23 49 

07 

22 24 
21 41 
20 68 

16 
19 31 

I8 47 
03 

17 19 
16 35 
15 51 

07 
14 22 
13 37 
12 53 

08 
11 23 
10 37 
9 52 

07 
8 22 
7 36 
6 51 

05 

4 34 
3 49 

03 
2 17 
1 31 
0 4 8  

6 2 0  

- 

20 
41 55 

28 
41 00 
40 32 

0 ,  

LO 20 
19 
17 
14 
10 

05 
48 58 

50 
41 
31 

a0 
07 

47 54 
39 
23 

06 
46 49 

30 
LO 

45 49 

28 
05 

H 41 
17 

43 52 

26 
42 59 

31 
03 

41 34 

04 
40 33 

02 
39 30 
38 58 

25 
37 51 

17 
36 42 

07 

35 31 
34 55 

19 
33 41 

04 

32 26 
31 48 

09 
30 30 
29 50 

11 
28 31 
27 60 

10 
2 8 2 9  

25 47 
06 

24 24 
23 42 
2 3 0 0  

22 17 
21 34 
20 51 

08 
19 25 

18 42 
17 E 8  

14 
16 30 
15 46 

02 
14 18 
13 33 
12 49 

04 
11 19 
10 34 
9 49 

04 
8 19 
7 34 
6 49 

04 
6 18 
4 33 
3 47 

02 
3 16 
1 31 
0 45 
- 

28 
04 

40 38 
11 

39 44 

- 
15' 
- 
0 ,  

La 47 
46 
44 
41 
37 

32 
25 
18 
09 

47 69 

48 
36 n 
08 

46 62 

36 
18 

46 00 
45 40 

20 

44 59 
36 
I3 

43 49 
24 

42 69 
32 
05 

41 37 
08 

40 39 
OB 

39 38 
O i  

38 35 

02 
37 28 
36 55 

21 
36 46 

11 
34 35 
33 59 

22 
32 45 

08 
31 30 
30 52 

13 
29 34 

28 55 
15 

27 35 
28 56 

14 

25 33 
24 52 

11 
2 3 9  
22 47 

05 
21 23 
20 41 
19 58 

15 

18 32 
17 49 

06 
16 22 
15 38 
14 64 

10 
13 26 
12 42 
11 58 

14 
10 28 
9 44 
9 0 0  
8 15 
7 30 
6 45 

01 
6 16 
4 31 
3 46 

01 
2 15 
1 30 
0 46 - 

37 30 
36 57 

24 
35 51 

16 

48 00 46 bS 

47 E /  55 E 53 

w 49 

36 47 
15 

35 43 
10 

34 37 

31 42 
05 

30 27 
29 49 

11 

28 32 
2 7 5 3  

14 
25 34 
25 m 

14 
24 33 
23 52 

11 
22 30 

07 
30 31 
29 54 

17 
28 39 

01 
a23 
26 45 

OB 
25 27 

24 47 
07 

2.1 27 
22 47 

07 

40 O.. ............................. 
390 ............................... 
390 ............................... 
37O ............................... 
36O ............................... 

16 

38 33 37 48 
02 18 

39 34 ::I 38 4s 18 

29 23 
28 43 

02 
27 21 
28 40 

350 ............................... 
3 P  ............................... 
3339 .............................. 
32O.. ............................. 
31 O........ ....................... 

30 O... .......................... 
29" ............................... 
290 .............................. 
270 .............................. 
2 6 O  ............................. 

06 33 29 
33 31 32 54 
32 55 19 
34 19 41 31 43 03 

25 5s 
16 

24 34 
23 52 

09 

22 26 
21 43 
21 00 
20 18 
19 33 

21 49 
07 

20 25 
19 43 

01 

21 26 
20 46 

0; 
19 23 
18 41 

25" .............................. 
24O___. .......................... 
Bo ............................... 
22O ............................ 
2l0 ............................... 

14 43 
14 no 

18 49 
05 

17 21 
16 37 
15 53 

14 29 
13 46 

03 
I2 20 
11 37 

18 18 
17 35 
16 53 

10 
15 27 

18 00 
17 16 
16 36 
15 53 

11 

- 
30' - 

* t  

L6 40 
39 
38 
35 
31 

28 
20 
14 
06 

14 67 

47 
36 
24 
11 

43 67 

42 
26 
09 

42 62 
33 

14 
4 1  63 

32 
11 

40 48 

24 
40 00 
39 35 

10 
38 43 

16 
37 49 

20 
36 51 

22 

35 52 
21 

34 so 
18 

33 46 

13 
32 40 

06 
31 32 
30 58 

23 
29 47 

12 
28 36 
27 59 

22 
26 45 

07 
25 30 
24 52 

13 
23 34 
22 55 

18 
21 37 

20 57 
17 

19 3i 
18 67 

16 

17 3n 
16 55 

14 
15 32 
14 51 

10 
13 25 
12 46 

04 
I1 n 
10 40 
9 m  

I6  
8 33 
7 51 

08 
6 26 
5 43 
5 00 
4 17 
3 34 
2 52 

1 2n 
0 43 

ng 

- 

20- ............................... 
19 O..... .......................... 
180 ............................... 
170 ............................... 
16 '... ............................ 
15O ............................... 
140 ............................... 
130 ............................... 
120 ............................... 
1 I o  ............................... 
10- ............................... 
9 O  ................................ 
SO.. . . . . . . . . . . . . . . . . .  ............. 
70 ................................ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... 
5" ................................ 
4 O  ................................ 
30 ................................ 
20 ................................ 
10 ................................ 

350 - 
0 ,  

44 04 
04 
02 

4400 
43 66 

61 
46 
39 
32 
23 

14 
04 

42 52 
40 n 
12 

41 67 
42 
25 
07 

40 49 
29 
09 

39 49 
27 

06 
38 42 

18 
37 53 

28 

02 
36 36 

09 
35 41 

13 

34 14 
15 

33 45 
14 

32 43 

12 
31 40 

08 
30 35 

01 

29 27 
28 53 

19 
27 44 

09 

26 33 
26 57 

21 
24 45 

08 

23 31 
22 53 

16 
21 38 
20 59 

21 
19 42 

03 
18 24 
17 45 

06 
16 26 
15 46 

fl6 
14 26 
13 46 

05 
12 25 
11 44 

03 
10 22 
9 41 
9 0 0  
8 19 
7 38 
6 56 

15 
5 33 
4 52 

10 
3 2 9  
2 47 

05 
1 2 3  
0 42 
- 

08 
14 23 
13 39 
12 54 

OR 
I1 24 
10 39 
9 53 

08 
8 23 
7 37 
6 52 

06 
5 20 
4 35 
3 49 

03 
2 17 
1 32 
0 40 

400 
- 
0 9  

L2 09 
09 
07 
05 
02 

41 67 
52 
46 
39 
31 

22 
12 
02 

40 50 
38 

24 
10 

39 55 
40 
23 

06 
a8 46 

29 
09 

37 49 

28 
06 

36 43 
20 

35 56 

32 
07 

34 41 
15 

33 48 

21 
32 53 

25 
31 56 

26 

30 56 
26 

29 55 
24 

28 52 

20 
27 47 

14 
26 41 

07 

25 39 
24 59 

24 
23 49 

14 

22 3s 
02 

2050 
13 

19 36 
18 59 

22 
17 44 

07 

10 29 
15 50 

12 
14 34 
13 55 

16 
12 37 
11 58 

19 
10 40 
10 M) 
9 21 
8 41 

01 
7 21 
6 42 

02 
5 22 
4 41 

01 
3 21 
2 41 

01 
1 21 
0 40 

21 26 

- 

7 25 
6 41 
6 56 

12 
4 2 7  
3 43 
2 6 8  

14 
1 2 8  
0 45 

450 
- 
0 ,  

39 63 
62 
61 
49 
46 

42 
37 
32 
26 
1s 
10 
01 

38 51 
40 
2.3 

16 
03 

37 49 
35 
10 

03 
36 46 

29 
10 

35 51 

32 
12 

34 51 
29 
07 

33 44 
20 

32 56 
32 
07 

31 41 
15 

30 48 
21 

28 63 

25 
28 MI 

27 
27 58 

28 

26 60 
27 

25 66 
24 

24 52 

20 
23 48 

15 
22 42 

08 

21 35 
01 

20 26 
19 52 

17 

18 42 
07 

17 31 
16 55 

19 

15 43 
07 

14 31 
13 M 

17 
12 x1 

03 
11 26 
10 4s 

11 
9 33 
8 55 

18 
7 40 

02 
6 24 
5 45 

07 
4 29 
3 51 

12 
2 34 
1 55 

17 
0 38 

7 17 
6 34 
5 50 

07 
4 2 3  
3 39 
1 5 5  

12 
1 2 5  
0 44 

500 - 
0 ,  

37 13 
13 
12 
10 
07 

03 
36 59 

64 
48 
41 

34 
25 
16 
O i  

35 56 

45 
33 
20 
07 

34 53 

38 
23 
o i  

33 50 
33 

15 
32 56 

37 
17 

31 56 

35 
14 

30 52 
28 
06 

29 42 
18 

28 53 
28 
02 

27 36 
10 

26 43 
15 

25 47 

19 
24 51 

22 
23 52 

23 

22 53 
22 

21 52 
21 

20 50 

18 
19 46 

14 
I8 42 

09 

17 36 

18 30 
15 56 

23 

14 49 
14 

06 
12 31 
11 56 

21 
10 46 

11 
9 36 
9 00 

I 49 
13 

6 38 
02 

5 25 
4 50 

14 
3 37 

01 
2 25 
1 49 

12 
0 36 

n3 

13 40 

9 25 

550 - 
0 ,  

14 08 
07 
06 
04 
02 

33 59 
55 
60 
45 
39 

32 
25 
17 

32 59 

40 
3s 
27 
15 
02 

31 49 
35 
21 
06 

30 50 

34 
17 

30 00 
29 42 

23 

04 
25 45 

25 
04 

27 43 

22 

26 37 
14 

25 51 

na 

27 no 

n 
03 

24 38 
13 

22 
22 56 

30 
03 

21 36 

08 
20 41 

13 
19 44 

15 

18 46 
17 

17 48 
18 

16 48 

17 
15 47 

16 
14 45 

14 

13 43 
11 

12 40 
08 

11 36 
04 

10 32 
9 59 m 
8 5 4  

21 
7 48 

15 
6 42 

OB 
6 35 

02 
4 2 9  
3 55 

22 
2 48 

15 
1 41 

07 
0 33 

60' 

D I  

10 36 
34 
33 
82 
30 

24 
20 
15 
10 

04 
19 57 

50 
43 
36 

26 
17 
07 

25 56 
45 

33 
31 
09 

27 56 
42 

27 
12 

26 57 
41 
25 

08 
25 51 

33 
15 

24 57 

38 
18 

23 58 
38 
17 

22 66 
35 
13 

11 50 
28 

05 
20 42 

18 
19 54 

30 

05 
18 40 

15 
17 W 

24 

16 68 
32 
05 

15 38 
11 

14 44 
17 

13 49 
21 

12 53 

25 
11 56 

28 
10 s9 

30 
01 

9 32 
03 

8 33 
04 

7 34 
04 

6 34 
04 

5 34 
04 

4 34 
04 

3 33 
03 

2 33 
02 

1 32 
01 

0 31 

n 

0 ,  

26 33 
32 
31 
30 
28 

28 
23 

16 
11 

06 
01 

25 55 
49 
42 

34 
?I3 
18 
09 

25 00 

24 50 
39 
28 
17 
OB 

B3M 
41 

14 
23 00 

22 46 
31 
16 
01 

21 45 

28 
12 

37 
19 

01 
19 43 

24 
05 

18 46 

25 
05 

17 46 
24 
03 

16 42 
20 

15 68 
36 
I4 

14 51 
28 
05 

13 42 
18 

12 56 
31 
07 

11 42 
18 

10 53 
25 
03 

9 38 
13 

8 47 
22 

7 56 
30 
04 

6 38 
12 

5 48 
20 

4 5 4  
27 

4 0 0  
3 34 

07 
2 41 

14 
1 47 

20 
0 54 
0 2 7  

20 

m 

m 55 

70' 

0 ,  

2 2 0 0  
22 00 
12 00 
11 69 

67 

56 
63 
€4 
47 
43 

38 
35 
30 
25 
19 

13 
07 

21 00 
20 63 

45 

37 
29 
20 
11 
01 

19 51 
41 
30 
19 
08 

18 56 
44 
32 
19 
06 

17 53 
39 
26 
10 

16 60 

41 
26 
10 

15 54 
38 

22 
05 

14 48 
31 
14 

13 613 
38 
20 
03 

12 43 

25 
Mi 

11 47 
27 
08 

10 48 
18 
08 

9 48 
27 

07 
8 4R 

25 
04 

7 43 
22 

7 0 0  
6 39 

17 
6 56 

34 
12 

4 w  
25 
06 

3 44 
22 

2 59 
37 
16 

1 6 2  

07 
0 45 o n  

an 

- 

750 

0 ,  

17 00 
17 00 
17 00 
10 E4 

68 

67 
55 
62 
60 
47 

44 
41 
37 
33 
29 

26 

14 
09 
03 

15 5 i  
61 
44 
37 
a0 

22 
14 
c!8 

14 68 
49 

40 
31 
22 
12 
02 

13 52 
41 
30 
19 
08 

12 57 
45 
33 
21 
09 

11 66 
43 
30 
17 
04 

10 50 
36 
22 
08 

9 54 

39 
26 
10 

8 55 
40 

26 
09 

7 53 
38 
22 

06 
6 5 0  

34 
17 
01 

6 44 
2.3 
11 

4 5 4  

20 

_ - - _ _ _  
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